Objective. To report the feasibility of removing a 10 cm ovarian fibroma via a laparoendoscopic single-site trocar through transumbilical access. Design. Case report. Setting. Teaching and research hospital. Patient. A 64-year-old patient affected by a large 10 cm ovarian tumour. Intervention(s). Bilateral salpingo-oophorectomy a large 10 cm ovarian tumour, using a laparoendoscopic single-site approach with a Covidien SILS multitrocar access device and standard laparoscopic instruments. Main Outcome Measure(s). Conversion to standard laparoscopic technique or laparotomy, estimated blood loss, operative time , extent of scarring, occurrence of intra-and perioperative surgical complications, technical adequacy, and clinical outcome. Result (s). No conversion to standard laparoscopic technique or laparotomy, and no intraoperative or postoperative complications were observed. Total operative time was 99 minutes. The patient was discharged home on postoperative day one. Conclusion(s). Laparoendoscopic single-site bilateral salpingo-oophorectomy of a large ovarian tumour is feasible with standard laparoscopic instruments. It is safe and effective, with good results in terms of excellent cosmesis and minimal postoperative pain.
Introduction
Laparoscopy has evolved rapidly over the past decade. We are witnessing a steady evolution towards progressively less invasive techniques. Although the adoption of robotic surgery has been hailed as a landmark in minimally invasive surgery, the huge initial capital outlay and the high maintenance costs are major obstacles. Recently, there is a renewed interest in single port gynaecological surgery, which was first reported by Wheeless in 1969, on the first single-incision tubal ligation [1] . However, laparoendoscopic single-site surgery (LESS) techniques did not take off initially due to limitations in the capabilities of laparoscopic equipment and imaging.
Laparoendoscopic single-site surgery (LESS) techniques may be considered as a form of natural orifice transluminal endoscopic surgery (NOTES), via the umbilicus, which has recently emerged as a feasible form of minimally invasive procedure [2] [3] [4] . In fact, LESS techniques show comparable or better improvements in cosmesis and resulted in less postoperative pain than NOTES [5] . Currently, the LESS approach has been used mainly in the arenas of urologic and gastroenteric procedures such as nephrectomy [6] , appendectomy [7] , cholecystectomy [8] , and hemicolectomy [9] . Reports on the use of LESS techniques in gynaecological surgeries are sparse [4] . Instrumentation to perform complex maneuvers intracorporeally are few, and several reports of single port surgery are at best considered as hybrid reports, in which the target organ was exteriorized through the umbilicus and extracorporeal open surgery performed [10] [11] [12] [13] .
The fundamental idea of single port surgery is to have all of the laparoscopic working ports enter the abdominal wall through the same incision [14, 15] , further enhancing the cosmetic benefits of minimally invasive surgery while reducing the potential morbidity associated with multiple trocar incisions found in standard laparoscopic surgery [4, 6, 16, 17] . Naturally, LESS is not without its critics, common difficulties as evaluated in the initial case reports include partially compromised view arising from inline viewing, instrument crowding causing loss of "triangulation", limited working space with hand collisions and crossing [10, 15] . In this paper, we describe our clinical experience and techniques for LESS in this first case of a bilateral salpingooophorectomy for a 10 cm ovarian fibroma, as well as outline our efforts in tackling the above-mentioned constraints imposed by single port surgery, and in doing so, hope to contribute to this exciting new area of laparoscopic surgery.
To our knowledge, this is the first case report in the region about LESS techniques being applied in this clinical scenario.
Case Summary
A 64-year-old Chinese lady first presented to our hospital with features of obstructive jaundice secondary to her underlying condition of choledocholithiasis, previously undiagnosed. Computed tomographic (CT) scan revealed a single adnexal mass of possibly ovarian origin. A gynaecological consult was sought and a detailed pelvic ultrasound was performed which showed a well-defined 10 cm solid mass posterior to and separate from the uterus, with low resistance vascularity on dopplers. The mass was highly mobile on clinical examination.
The patient subsequently underwent an emergency laparoscopic cholecystectomy in view of her worsening jaundice and clinical status. A surveillance of the pelvis showed a large 10 cm left ovarian mass, well circumscribed and mobile, with features of an ovarian fibroma. The rest of her pelvic organs were grossly normal. As the duration of the emergency cholecystectomy was long due to surgical difficulties, the decision was made to remove the ovarian mass in a separate operation to avoid prolonging anaesthetic exposure.
The operation was scheduled three months after her cholecystectomy. She remained asymptomatic, and the mass was constant in size. Open Hasson entry was performed and a 2 cm umbilical incision was made and concealed completely within the umbilicus to gain initial entry into the peritoneal cavity. The incision was then extended by another 0.5 cm via stretching of the skin. No other extraumbilical skin incisions were used. The entire umbilical scar measured 2.5 cm, which was just large enough to accommodate the single port.
Next, the single port (Covidien) with three access inlets was introduced, and carbon dioxide pneumoperitoneum was created ( Figure 1 ). A 5 mm rigid video laparoscope was deployed via one of the access port inlets (Figure 2 ), and other working instruments were introduced via the remaining two inlets ( Figure 3 ). During the procedure, the patient was placed in Trendelenburg position. The uterus was manipulated with a Hegar dilator and the working instruments used were standard laparoscopic instruments.
Intra-abdominally, recreation of triangulation was done, which would be further elaborated in Section 3. Bilateral salpingo-oophorectomy was performed. The excised ovarian fibroma was placed into the Endocatch brought close to the umbilical port and morcellated to smaller segments before removal. Pneumoperitoneum was then deflated and ports were removed. Finally, the rectus sheath and skin were closed with vicryl.
It was uncomplicated intraoperatively and there were no addition of ancillary ports nor conversion to laparotomy. The ovarian fibroma was removed completely with no residual tumour noted before closure. Cumulative blood loss was minimal. Operating time from incision to closure took 99 minutes. The entire procedure involved a three-man team inclusive of two surgeons and one assistant for uterine manipulation.
Postsurgical recovery was uneventful and the patient was discharged well from inpatient observation on postoperative day one. There were no immediate surgical complications reported. Using the visual analogue scale, the patient reported a pain score of 1-2 immediately postsurgery. She required only oral analgesia for four days and was able to return to her full range of daily activities one week after the operation. Pain score never exceeded 2 during the postoperative period. The single surgical scar was well hidden in the umbilicus and patient reported high satisfaction level with postoperative cosmesis (Figure 4 ). There have been no other complications in the year after surgery. 
Discussion
As with other surgeries conducted via single port access, we encountered similar technical challenges and constraints. The 10 cm size of the ovarian fibroma further contributed to the complexity of this case.
One of the biggest difficulties in single port surgery arises from the loss of triangulation. Wide spacing of trocars is a tenet of multitrocar standard laparoscopy. Parallel placement of instruments during single port surgeries makes triangulation difficult [10] . For this surgery, triangulation was achieved via several measures. Firstly, the SILS (Covidien) port is a blue flexible soft-foam port, with individual access channels for three cannulae (three 5-mm cannulas or two 5-mm and one 12-mm cannula). This design allows for greater maneuverability of the standard laparoscopic instruments to recreate triangulation intra-abdominally after entry through the umbilicus. Secondly, for pelvic surgery as in this case, uterine manipulation played a big role in facilitating operating positions for triangulation to be possible and also aided in providing traction. We made use of a single flexible/curved laparoscopic grasper to overcome parallel placement and recreate triangulation. Flexible and/or articulating instruments, which allow for intracorporeal triangulation, have been proposed as solutions to this problem [16] . However, bulk and technical challenge remain major obstacles in using articulating instruments at this stage of development [17] .
Instrument crowding arises from a limitation in working space, as multiple instruments compete for the same space at the fulcrum of the entry port. This can result in hand collisions externally and difficulty with instrument tip manipulation internally [10, 15] . We attempted to maximize working space by holding the scope at a fixed distance away from the operating field. At this distance, we were able to achieve a fine balance between preventing the scope from interfering with the other operating instruments and yet not compromise on the field of vision. The problem is further aggravated by the surgeon's need to change the instruments multiple times during the surgery such as alternating the grasper with the bipolar. Perhaps the use of a single grasping diathermy would be useful in such circumstances, for example, Ligasure, PK knife, and so forth. Other multifunctional devices capable of grasping, dissecting, coagulating, and cutting can also overcome the limitations imposed by the reduced number of ports [16] . In the multi-institutional evaluation of LESS in gynaecology by Fader et al., multifunctional instruments (including the 5 mm Ligasure Advance (Covidien) or the Harmonic scalpel (Ethicon Endosurgery)) were utilized in all cases [4] . Further attempts have been made to perform LESS surgery via the da Vinci surgical system robotic platform [18] [19] [20] . Instruments with handles that can be articulated away from the port [15] , or with varying lengths and streamlined profiles can also help avoid external hand collisions [10, 21, 22] . The limitation of lower excursion degrees among instruments in the abdominal cavity due to the loss of triangulation and instrument crowding was further hampered by the large size of the ovarian tumour. We worked around the constraints by shifting the traction maneuver from an orthogonal axis to a parallel one.
Partially compromised view arising from inline viewing, associated with single port surgery [10, 15] , was observed during the operation. Depth perception was lost as the camera lined up with the shaft of the working instrument [10] . Recent improvements of technologies such as flexible tip scopes (Olympus Endoeye) can minimize this restriction and emulate the stereoscopic vision offered by standard laparoscopic techniques [15] . This is achieved by a lower profile camera system such as the Olympus Endoeye, in which the video laparoscope is integrated with a coaxial light cable in line with the shaft of the telescope [17] . By creating an alternate camera angle with these flexible scopes, the camera is moved away from the shaft and other active surgical instruments. Angled telescopes also allow surgeons to experiment with placement of the camera so that it is placed in a position lateral to the working ports instead of the conventional umbilical position [15] . However, there are also varying opinions on the usefulness of flexible endoscopes in single port surgery due to its wavering when crossing the instruments [23] . In our surgery, a standard 5 mm rigid laparoscope was used, and it was effective in allowing us to perform the required procedure safely.
The large size of the specimen also meant that intact removal from the single port access was very difficult. Morcellation using a Karl Storz Morcellator allowed us to reduce the fibroma into smaller sizes to enable easier removal. The excised specimen was first placed in a bag (Endocatch) introduced via the single port, brought close to the umbilical port, and morcellated into pieces. This allowed for faster removal of the pathological lesion, with reduction in total operative time. It was important to confine the morcellation process within the Endocatch, in view of the unknown histology of the ovarian mass, to avoid any possible peritoneal seeding if the mass indeed turned out malignant. Other means such as colpotectomy were technically feasible in removal of such a large ovarian mass, but were not adopted as we did not want to breach the peritoneal cavity in view of the potential malignancy of the tumour.
Advantages associated with the usage of single port are largely derived from its excellent cosmesis result and improved quality of life postoperatively. With a hidden umbilical scar and no trocar incisions, excellent cosmetic result is achieved. Improved quality of life is similarly related to the elimination of multiple trocar sites, reducing morbidity related to visceral and vascular injury during trocar insertion, postoperative wound infection, and in the longterm, hernia formation [14] . The reduction of postoperative pain and analgesia usage has yet to be demonstrated for LESS surgery, due to a lack of comparative studies between single port and conventional laparoscopic surgeries. Evidently, the avoidance of multiple rectus muscle splitting incisions does result in faster recovery times and improved pain scores for patients. Careful selection of cases can prevent conversion to laparotomy, for example, low risk of malignancy, a nonobese patient with no history of more than two previous surgeries [4] . Extreme caution was also adopted during the assessment of the malignancy potential of the ovarian neoplasm during preoperative evaluation. Clinical examination, tumour marker panel, and detailed ultrasonographic investigations were performed for this patient. In this particular case, the surgeons also had the added benefit of performing a survey of the pelvic cavity and the tumour itself during the first cholecystectomy, which gave the team greater confidence to manage the neoplasm as a benign one despite the 10 cm size.
With regards to the surgical outcome, our operative time compares favourably to the series of 12 cases of embryonic natural orifice transumbilical endoscopic surgery (E-NOTES) for adnexal tumours performed by the Korean gynaecologic oncologists. The median operating time for the case series was 73 minutes, (range 25 to 110 minutes) and median blood loss was 10 ml (range 5 to 100 ml) [24] , compared to 99 minutes for our procedure that involved removing a large 10 cm ovarian tumour and blood loss that was minimal in volume. No other complications were noted in the review one year postsurgery.
Conclusions
Laparoendoscopic single-site (LESS) salpingo-oophorectomy of a large ovarian tumor is feasible with standard laparoscopic instruments. We encountered similar difficulties and challenges during the operation, and hope to share our experience in tackling these problems. Some solutions that we proposed, such as recreation of triangulation and morcellation of tumour before removal, can be easily applied with the advancement of laproscopic technology. It is safe and effective, with good results in terms of excellent cosmesis and minimal postoperative pain. With more cases attempted in the future, the cost-effectiveness between the two methods may be further explored. As with any case of ovarian neoplasm, great caution should be exercised in evaluating the risk of malignancy before adopting LESS techniques.
It is believed that the role for single port laparopscopic surgery remains limited by the technical challenges originating from the breakdown in triangulation and instrument crowding [17] . Using this case as an example, we hope to illustrate possible measures to overcome this critical step and enable this surgical technique to play a bigger role in minimally invasive gynaecological surgery.
